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Abstract 

A floristic survey of the Tingle Mosaic, an area of 3 700 km2 which includes the wettest, least 

seasonal and southern-most part of Western Australia recorded a total of 857 vascular plant taxa 

in 441 quadrats (20 m x 20 m). These included 825 indigenous and 32 introduced taxa. Important 

families included the Papilionaceae (74 species), Proteaceae (73), Myrtaceae (64) and Orchidaceae 

(63). 

Cluster analysis and ordination techniques defined five floristic communities supergroups, 12 

community groups and 44 community types. The Open-forest, Tall open-forest and Shrubland/ 

woodland Communities Supergroups included most of the quadrats (356 of 441), and also occu¬ 

pied the largest areas within the region. There was high alpha diversity for the Woodland and 

Open-forest communities supergroups, while there was low alpha and gamma diversity for the 

Tall open-forest Communities Supergroup. Considerable variation in vegetation structure, and 

high gamma diversity was found for the three non-forest communities supergroups. An ex¬ 

panded program of survey would be required to target the exceptional variety of sites in the 

Swamp and outcrop Communities Supergroup. The Tingle Mosaic had high levels of local ende¬ 

mism, many taxa (both wet and dry country taxa) which have range limits in the area, and 

several relictual high rainfall taxa whose distributions are centred in the area. A high proportion 

of the region lies within the conservation reserve network. Nevertheless the conservation signifi¬ 

cance and complexity of the fine-scale biotic pattern in the area urge increased attention in 

management and policy for the conservation of biodiversity. Methods to integrate site-based 

work, to define complexes of community types, and of the mapping of these floristic assemblages 

are presented. These applications would be invaluable in management for the conservation of 

biodiversity in the region. 

Introduction 

The south-west of Western Australia includes an ex¬ 

traordinary diversity of vascular plants in a generally 

subdued landscape (Hopper 1979; Hopper et al. 1992). 

This diversity has been especially noted for the inland 

transitional rainfall zone (TRZ sensu Hopper 1992) 

which is dominated by speciose genera of woody peren¬ 

nials in families such as the Myrtaceae, Proteaceae, 

Fabaceae and Epacridaceae (Hopper 1979; 1992) but not 

the high rainfall zone (HRZ) closer to the coast. Never¬ 

theless wetland monocotyledonous taxa, including gen¬ 

era of Cyperaceae, Xyridaceae, J uncaginaceae, 

Restionaceae and Orchidaceae, are species-rich in the re¬ 

gion. For example at least 1947 taxa are known from the 

Warren Botanical Subdistrict alone, despite limited sur¬ 

vey (Hopper et al. 1992). 

The HRZ is also notable for its high diversity of 

eucalypts compared with similar areas elsewhere in the 

Darling Botanical District (Christensen 1980; Smith et al. 

1991, Wardell-Johnson & Smith 1991; Wardell-Johnson 

& Coates 1996, Wardell-Johnson et al. in press). At least 
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four species of large forest eucalypts, Eucalyptus 

brevistylis (Rates tingle), E. jacksonii (red tingle), E. 

guilfoylei (yellow tingle), and E. ficifolia (red-flowering 

gum) are locally endemic to the south-west between 

Walpole and Denmark. Each occurs in several allopatric 

populations in an area of high landscape and vegetation 

structural diversity. Because it was the tingles that first 

drew attention to the conservation significance of this 

landscape mosaic (Fernie & Fernie 1989), the survey area 

is described as the Tingle Mosaic. 

The Tingle Mosaic is also notable for its scenic diver¬ 

sity and has been the subject of intense public interest 

(Smith et al. 1991; Wardell-Johnson & Smith 1991; 

Wardell-Johnson & Horwitz 1996). It occurs in close 

proximity to the towns of Walpole, Denmark and Al¬ 

bany (Smith et al. 1991) but includes areas that are gen¬ 

erally remote and have not been explored botanically. 

The vascular flora has been chosen for study because of 

its richness (Hopper et al. 1992) and because of its pro¬ 

pensity to describe landscape pattern (Havel 1981; 

Wardell-Johnson et al. 1989). The identification and clas¬ 

sification of plant community types is a useful first step 

in land-use planning (Havel 1981; Wardell-Johnson et al. 

1989). This allows the identification of rare or vulnerable 

communities at a regional level and allows a manage¬ 

ment context to be provided. Historically, vegetation 

classification in Australia has been based on a structural 

or physiognomic basis (Diels 1906; Speck 1952; Webb et 
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al. 1976; Beard 1981). More recent work has utilised flo- 

ristic attributes (e.g. Havel 1975a,b; Webb et al. 1984; 

Cresswell & Bridgewater 1985; Foran et al 1986). How¬ 

ever, the final choice of attributes used to classify veg¬ 

etation remains a function of the aims of the research 

project at hand (Anderson 1981). 

Here, we describe the variation in the floristic compo¬ 

sition of the area within the range limits of four locally 

endemic forest eucalypts (Tingle Mosaic) and identify 

sites with similar species composition (community 

types; terminology after Whittaker 1973). 

Methods 

Study area 

The study area in south-western Australia lies be¬ 

tween latitudes 34° 45' and 35° 10' and longitudes 116° 

30' and 117° 45'. This area of approximately 3 700 km2 

(Table 1, Fig 1) within the Warren and Menzies Botani¬ 

cal Subdistricts of Beard (1980) includes the wettest and 

least seasonal part of Western Australia, although 

isohyets decline rapidly eastwards and from the coast. 

Peter Title (Agriculture WA, pers. comm., 1995) de¬ 

fined 98 land systems within 16 zones for The Darling 

Botanical District of Beard (1980), based on geology and 

recurring landform patterns. This area includes almost 

all of the jarrah and karri forests and woodlands of 

south-western Australia. The Tingle Mosaic lies within 

three zones (the Warren-Denmark southland, the Stirling 

coastal, and the Stirling Sandplain) and nine Land sys¬ 

tems. The area includes two geomorphic provinces 

within the South-west Land Division (the Avon and the 

Stirling). 

Climate 

The region has a mediterranean climate (Gentilli 1971) 

with dry, generally temperate summers and cool, wet 

winters. The high rainfall parts of the Tingle Mosaic re¬ 

ceive more reliable summer rain than elsewhere in the 

south-west. There is a considerable range in temperature 

and rainfall with gradients from both south-to-north and 

west-to-east. Thus in the south-western parts, annual 

rainfall exceeds 1 400 mm (Fig 1), w'hereas in the north¬ 

east it is about 750 mm. 

Geology, physiography and soils 

The Tingle Mosaic includes the southern fringe of the 

Great Plateau of Western Australia (Jutson 1914). It is 

composed of Precambrian granite rocks, partially over- 

lain by various consolidated and unconsolidated sedi¬ 

ments. This land surface has been subjected to a long 

and complex history of weathering and denudation 

which is expressed as variations in topography, soils 

and hydrology. 

These factors, together with the nature of the rock 

Figure 1. Study area showing the distribution of permanently located floristic quadrats, isohyets and major towns in south-western 

Australia. 
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Table 1 

Tenure context of survey area. Reserves are National Parks, Nature Reserves and Conservation Parks. State Forest includes Executive 

Director lands, Timber Reserves and Other Reserves. 

Location Reserves 

km2 (%) 

State Forest 

km2 (%) 

Other 

km2 (%) 

Private Land 

km2 (%) 

Total Area 

km2 

Darling Botanical District 8 070 (11.3) 16 100 (22.6) 1 100 (1.5) 46 060 (64.6) 71 300 

Warren Botanical District 2 870 (27.8) 3 290 (32) 430 (0.9) 3 709 (36) 10 300 

Tingle Mosaic 909 (24.6) 686 (18.5) 387 (10.4) 1 717 (46.5) 3 700 

types, formed the basis for the recognition of the land- 

form/soils units defined and described by Churchward 

et al. (1988). These authors provided a detailed set of five 

1:100 000 scale landform and soils maps covering an 

area between Windy Harbour eastward to Cheyne 

(Hassell) Beach, 80 km east of Albany, and extending 

inland to latitude 34° 31' S (as far north as Rocky Gully). 

Thirty-five units were mapped, based firstly on general 

geological features (i.e. units developed on granite or 

unconsolidated sediments, on silts tones and sandstones, 

on coastal aeolian and fluvial sediments and on drain¬ 

age lines), and then on landform (plateau elements, hills 

and ridges, swampy terrain, dune systems, and major 

and minor valleys). They also provided further subdivi¬ 

sion into individual units based on soils, local relief, 

slope and drainage patterns. The maps of Churchward 

et al. (1988) provided a sound context for stratification in 

this survey (and also for broad-scale ecosystem manage¬ 

ment in the area). 

Most of the Tingle Mosaic has soils which are devel¬ 

oped on components of laterite profiles either exposed 

by erosion or as colluvial waste released by this process. 

Many of these soils have ferrugenous gravels in the sur¬ 

face horizons. In the unconsolidated sandy sediments, 

soil morphology is influenced mainly by drainage sta¬ 

tus, while in the coastal sand dunes, soil variation often 

relates to the age of parent material. 

The headwaters of the Frankland River, a large river 

which rises well to the north of the Tingle Mosaic, are in 

broad valleys with salt lakes. Hence, there is a natural 

contribution of salts to the surface water. This is at a 

maximum following heavy winter rains. The headwa¬ 

ters of the Deep, Denmark, Kent and Hay Rivers also 

rise to the north of the Tingle Mosaic, and occur in areas 

with high soluble salts in the subsoil. Surface incidence 

of salinity is most evident in the north-east part of the 

Tingle Mosaic, and is expressed both as seepage on 

slopes and as saline valley floors. Salinity is not appar¬ 

ent on the plateau developed on marine sediments even 

though rainfall is low and the substrata known to be 

saline (Teakle 1953). 

The general level of the Great Plateau gradually falls 

toward sea level in the area and forms part of the 

Ravensthorpe Ramp (Cope 1975). In the east, the land¬ 

scape consists of a plateau developed on Pallinup Silt- 

stone. The plateau surface represented by gently undu¬ 

lating plain slopes from about 180 m above sea level to 

about 40 m near the coast. In the remainder of the area, 

much of the terrain is developed on granitic rocks al¬ 

though there is a variable incidence of unconsolidated 

deposits as well as westward extensions of the Eocene 

sediments. This is at an elevation of from 260 to 180 m 

above sea level and is part of the Great Plateau under¬ 

lain by deeply weathered granite. Some broad sandy, 

often swampy tracts are included. 

To the west, extensive tracts such as the Pingerup 

Plains grade in elevation from 70 m inland, to less than 

20 m where they abutt the narrow zone of coastal dunes. 

Granite is sometimes exposed as domes and pinnacles 

emergent above the sandy tracts (e.g, Mt Pingerup). The 

terrain is dominated by a pattern of ridges of granitic 

rocks alternating with broad swampy corridors, having 

a west-north-west orientation. The crests of many of the 

ridges are in excess of 100 m above the corridors. 

On the coastal fringe, both Precambrian and Tertiary 

rocks are overlain by Tamala Limestone of Pleistocene 

age (Logan 1968) and/or unconsolidated Holocene 

aeolian sands. The broad ridges of Tamala Limestone 

rise to about 100 m and often act as barriers behind 

which estuaries, such as Wilson Inlet, have developed. 

A system of Holocene parabolic dunes extend from the 

coast in a general east-north-east direction, overlying the 

broad ridges of limestone and of granite as well as allu¬ 

vial and estuarine deposits. Much of the coastline is 

characterised by a succession of arcuate bays with gra¬ 

nitic headlands linked by the barriers of Tamala Lime¬ 

stone in which steep cliffs have usually been cut. Most 

of these bays face south-west. The coastal plain in the 

immediate hinterland of the dunes is mantled by uncon¬ 

solidated alluvium and/or aeolian sands. 

Vegetation 

Each of the 35 landform units defined by Churchward 

et al. (1988) were described in terms of their physiogra¬ 

phy, geology, soil morphology and associated native 

vegetation. The latter was described structurally, and 

dominants were listed for each major stratum. This pro¬ 

vided a means of determining quadrat locations to en¬ 

sure a regional coverage of a complex area. The natural 

vegetation of the area has been mapped (scale 1:250 000) 

by Smith (1972) and Beard (1972-80). 

Hopper et al. (1992) provided a regional perspective 

for the flora of the Warren Botanical Subdistrict. They 

listed 1947 taxa including 1628 native and 319 

naturalised introduced taxa for the area (roughly equiva¬ 

lent in size to the Perth Region; 8323 knv extending over 

300 km from Yallingup on the Leeuwin-Naturaliste 

Ridge to Albany on the south coast). 

Many site-based floristic studies have been carried 

out, in or nearby to the Tingle Mosaic. For example, 
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Strelein (1988) presented an ordination using over 400 

sample sites and 100 indicator species in the southern 

jarrah forest. He defined seventeen site types from this 

work using the methods of Havel (1968, 1975a,b) and 

discussed the regeneration, dieback susceptibility and 

productivity of each. Inions et ai (1990) derived a floris- 

tic classification of regenerating karri forest in the 

Nornalup System of the Warren Subdistrict. They used 

204 permanent inventory plots (Campbell et al. 1985) 

and 105 species were sampled. Thirteen community 

types were defined by cluster analysis, ordination and 

discriminant analysis of the 312 m2 quadrats. Wardell- 

Johnson et ai (1989) developed a floristic classification 

of the Walpole-Nornalup National Park based on 219 

quadrats and 233 species. Twelve community types were 

derived with clustering and ordination techniques. Sev¬ 

eral smaller site-based studies have also been carried out 

in the area (e.g. Hopkins & Griffin 1984). These have 

been reviewed by Hopper et at. (1992). Other opportu¬ 

nistic flora surveys have been carried out in the area 

over many years and a preliminary list of flora for the 

Warren Botanical Subdistrict is now available. Thus, 

over 2200 indigenous vascular plant taxa, many yet to 

be named, are known from this subdistrict alone (Hop¬ 

per et al. 1992; N Gibson, CALM pers. comm, 1995). 

Sampling sites 

This study was based on intensive sampling of the 

different vegetation types in representative areas. Areas 

were chosen on the basis of the landform/soils classifi¬ 

cation of Churchward et al. (1988), although more inten¬ 

sive survey in the Walpole-Nornalup National Park was 

completed prior to the availability of this work (but see 

Wardell-Johnson et al. 1989). Data from 144 sites of 

quadrat size 10 m radius (312 m2) have been included 

from this work (see also Wardell-Johnson et al 1989) 

Hence the survey effort is considerably greater for the 

WNNP than for the remainder of the Tingle Mosaic. The 

park does however include a major proportion of the 

populations of all three tingles as well as E. ficifolia 

(Smith et al. 1991, Wardell-Johnson & Smith 1991). 

Hence the concentration of quadrats in this area reflects 

the concentration of the rare eucalypts in the area. 

The locations of sampling sites were selected to give 

as wide a range as possible of vegetation types from 

throughout the study area. All quadrats were located in 

undisturbed indigenous vegetation, with few weeds oc¬ 

curring in the area and no recent history of high inten¬ 

sity fire. Sampling preference was given to areas which 

were in existing conservation reserves rather than 

private property or road reserves. 

Detailed studies have recognised that an appropriate 

sample area is about 400 m2 in forested areas (Burbidge 

& Boscacci 1987; D Keith, Forests Commission of NSW, 

pers. comm. 1994). This allows a representative floristic 

list for the site, and minimises the influences of indi¬ 

vidual large trees or logs within a quadrat. Quadrats 

larger than this risk encountering ecotones in the diverse 

vegetation of the HRZ of south-western Australia. All 

quadrats in this study were 20 m x 20 m, except those 

from the Walpole-Nornalup National Park survey men¬ 

tioned above. All quadrats were established and perma¬ 

nently marked in the field by metal star pickets at centre 

points, and droppers at corners. The sites were checked 

at least twice, including at least once in spring. Species 

nomenclature follows Green (1985). 

Analytical techniques 

All sites (441) and all taxa (857) were analysed for 

plants presence/absence, which provides most of the in¬ 

formation by ordination and classification of site-based 

data (Anderberg 1973). A matrix of pairwise associa¬ 

tions between sites was calculated using the 

Czekanowski (1913) metric. UPGMA (Sneath & Sokal 

1973) was used to derive clusters from the dataset; al¬ 

though this is sometimes prone to minor 

misclassification, it has the advantage of taking more 

than one species into account at any fusion. The cluster¬ 

ing-intensity coefficient beta ((3) was -0.10; under such 

conditions the clustering strategy is space-dilating and 

resists the formation of a single large group by forcing 

the formation of even-sized groups (Booth 1978). 

The use of clustering techniques assumes that a popu¬ 

lation is discontinuous; the validity of this assumption 

depends on the species' response to environmental gra¬ 

dients and the nature of the gradients themselves (Aus¬ 

tin & Cunningham 1981). In reality, vegetation is likely 

to vary from apparently continuous to apparently dis¬ 

continuous with the nature of boundaries varying in 

width and level of diffusion throughout, and by how 

they are defined. The location of sample sites can also 

have an influence over the degree to which the vegeta¬ 

tion of a region is considered continuous or discontinu¬ 

ous. 

The acceptability of imposed groups was examined 

by ordinating the sites using semi-strong-hybrid multi¬ 

dimensional scaling (PATN; Belbin 1993), and examin¬ 

ing the position of group members in component space. 

As analysis should not be performed across major data 

discontinuities (Green 1980), further cluster analysis 

was performed on each of the five major discontinuity's 

determined through initial analysis. 

Results 

Sites and species 

A total of 857 vascular plant taxa were recorded in 

the 441 quadrats of the Tingle Mosaic. Important plant 

families included the Papilionaceae (74 species), 

Proteaceae (73), Myrtaceae (64) and Orchidaceae (63). 

Relative to the number of taxa represented in the War¬ 

ren Botanical Subdistrict, the Orchidaceae (63), 

Cyperaceae (34), Restionaceae (34), Poaceae (24) and 

Asteraceae (19) were relatively poorly represented in 

quadrats (see Hopper et al. 1992). The largest representa¬ 

tion of genera included Acacia (23 species), Stylidium 

(36), Leucopogon (20) and Eucalyptus (22). Caladenia (12) 

and Drosera (12) were relatively poorly represented in 

quadrats in comparison with the Warren flora as a 

whole. A list of the taxa and their constancy (proportion 

of quadrats in which the species is present) in commu¬ 

nity groups is presented in Appendix 1. Several name 

changes occurred during the course of the study, and 

several taxa were found to have been misidentified once 

multivariate analysis was complete. These were few, 

thus providing little likelihood of influencing the overall 

classification. They are also shown in Appendix 1. 

252 



Journal of the Royal Society of Western Australia, 79(4), December 1996 

Jarrah/sheoak woodland-upland sites 

Jarrah/sheoak woodland-loamy sand 

Shrubland-humus podzols/granite 

Tall shrubland-peaty podzols 

Shrubland/woodlancf-shallow gritty soils 

Open shrubland-humus podzols 

Jarrah/marri open forest and woodland-sands 

Forest/shrubland ecotone-podzols 

Forest/shrubland ecotone-yellow duplex soils 

Shrubland-interdune plains 

Banksia woodland-interdune plains 

Coastal herbland-interdune plains 

Tall shrubland-sumps 

Shrubland-older dunes 

Shrubland-recent dunes 

Shrubland-limestone substrate 

Shrubland/heathland-coastal headlands 

Shrubland-peaty interdune plains 

Shrubland-peat swamp 
Closed shrubland-peaty sands 

Blackbutt woodland-clay loams 

Melaleuca woodland-seasonally inundated 

Melaleuca woodland-estuarine 

Open sedgeland-clay 

Melaleuca woodland-sumps 

Granite outcrop-coastal 

Granite outcrop-sands 

Granite outcrop-loam 

Shrubland/forest-fertile valley floors 

Yate woodland-clay 

Granite outcrop-shallow soils 

Granite outcrop-shallow soils 

Granite outcrop-shallow soils 

Blackbutt wood land-clay/ loam 

Wandoo woodland-valley slopes 

Open woodland-clay/granite outcrop 

Tall open-forest-brown gravels 

Open Jarrah/Marri forest-brown gravels 

Open Jarrah/Marri forest-laterite 

Open Jarrah/Marri forest-gritty/outcrop 

Low open Jarrah/Marri forest-laterite/outcrop 

Tall open Karri/Tingle forest-brown gravels 

Tall open Karri forest 

Tall open Karri forest 

0.7640 1.1032 1.4424 1.7816 2.1208 2.4600 

Figure 2. Dendrogram classification of 441 sites, based on 857 vascular plant taxa showing communities supergroups (A-E) and 

community types. The predominant vegetation and soil features of the 44 community types are shown with numbers of quadrats in 

brackets. Reprinted from Wardell-Johnson & Horwitz (1996) Forest Ecology and Management, 85(1-3), Conserving biodiversity and the 

recognition of heterogeneity in ancient landscapes: a case study from south-western Australia, 219-238, 1996 with kind permission of 

Elsevier Science - NL, Sara Burgerhartstraat 25,1055 KV Amsterdam, The Netherlands. 

Cluster analysis and ordination defined five floristic 

communities supergroups, 12 community groups and 

44 community types (Figs 2-3; Table 2). As the five 

communities supergroups represent a clear discontinuity 

in both cluster analysis and ordination, it is likely that 

this will mask differences amongst community types 

(Green 1980). Thus the five communities supergroups 

were each analysed separately for higher resolution 

within the supergroups and to define community sub- 

types. 

A clear separation of sites at the 12 group level de¬ 

fined groups of similar sites according to broad topogra¬ 

phy, drainage and soils characteristics. These 12 groups 

are referred to as community groups and the constancy 

of taxa within these groups are presented as a summary 

of the floristics of the area (Appendix 1). All but the tall 

open-forest communities supergroup comprise more 

than one community group. 

Shrubland/woodland Communities Supergroup. 

(A: 131 quadrats and 464 taxa) included four community 

groups (forest/sandplain ecotone sites, woodland 

communities in shallow soils, shrubland on sandplains, 

woodland on sandy crests and valley divides), nine 

types and ten sub-types (Fig 4, Table 3). These were 

generally sites in broad sandy terrain. 

Dune Vegetation Communities Supergroup. (B: 39 

quadrats and 268 taxa) included two community groups 

(Merrup Dunes, Interdune plain and swamp), eight 

types and ten sub-types in aeolian dunes (Fig 5, Table 4). 

Swamp and outcrop Communities Supergroup. (C: 

46 quadrats and 524 taxa) included three community 

groups (wandoo woodland and outcrop, saline swamps, 

and peat swamps) and 19 types (Fig 6, Table 5). These 

sites were in swampy terrain or areas of impeded 

drainage or outcrop. The limited sampling and 

heterogeneity of these community types prevented as¬ 

sessment below the 19 group level. 

Open-forest Communities Supergroup. (D: 136 

quadrats and 428 taxa) included two community groups 

(jarrah/marri/tingle open-forest, jarrah/marri open- 

forest), five types and 14 sub-types (Fig 7, Table 6). 
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Table 2 

Summary statistics of communities supergroups and community groups of the Tingle Mosaic. 

Community Community Sub- taxa quadrats Community group (community types) 

supergroup types community 

types 

A: Shrubland/woodland 

communities 9 10 464 131 Al; Forest/sandplain ecotone sites (3) 

A2: Woodland communities in shallow 

soils (2) 

A3: Shrubland on sandplains(2) 

A4: Woodland on sandy crests and valley 

divides (2) Walpole, Kentdale, King, 

Broke, King (swamps, plateau, valley 

divides) 

B: Dune vegetation 8 10 268 39 Bl: Merrup Dunes (4) 

B2: Interdune plain and swamp (4) Nullakai 

(dunes) 

C: Swamp and outcrop 19 19 524 46 Cl: Wandoo woodland and outcrop (11) 

C2: Saline swamps (5) 

C3: Peat swamps (3). All (swampy terrain, 

plateau and hills). 

D: Open-forest 5 14 428 136 Dl: Jarrah/marri/tingle tall open forest (2) 

D2: Jarrah/marri open forest (3) Walpole, 

Roe, Kentdale, King, Pardalup, King, 

Redmond (hills, ridges, plateau) 

E: Tall open-forest 3 12 132 89 El: Karri/tingle tall-open forest (3) 

Walpole (hills and ridges) 

Figure 3. Centroids of the 44 community types clustered in three dimensions using semi-strong-hybrid multidimensional scaling. 
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Jarrah/sheoak woodland 

Jarrah/sheoak woodland 

Jarrah/sheoak open-forest 

Shrubland 

Tall shrubland 

Low shrubland/open woodland 

Open shrubland 

Jarrah/marri open forest 

Forest/shrubland ecotone 

Forest/shrubland ecotone 

0.7620 0.8296 0.8972 0.9648 1.0324 1.1000 

Figure 4. Dendrogram classification of the 131 sites (based on 424 vascular plant taxa) of the Shrubland/woodland Communities 

Supergroup (A); community type and sub-type are shown in brackets. 

0.7240 
1 

Shrubland (10 ) — 

Banksia woodland (11)— 

Coastal herbland (12a) n 

Coastal herbland (12b) 

Tall shrubland m sumps (13 ) — 

Shrubland on old dunes (14 ) — 

Shrubland on new dunes (15 ) — 

Shrubland on limestone (16a)—, 

Shrubland on limestone (16b)—' 

Heathland on headlands (17 ) 

0.7240 

0.7912 

I 

0.8584 

I 

0.9256 

I 

0.9928 

I 

1.0600 

I 

0.7912 

I 

0.8584 0.9256 

I 

0.9928 

I 

1.0600 

Figure 5. Dendrogram classification of the 39 sites (based on 241 vascular plant taxa) of the Dune vegetation Communities Supergroup 

(B); community type and sub-type are shown in brackets. 

Table 3 

Description of community types in Shrubland/woodland Communities Supergroup (Communities Supergroup A). 

Community- Description 

typea 

l(a,b) Jarrah/sheoak 

2 Jarrah/sheoak open 

forest and woodland 

3 Shrubland to tall 

shrubland 

4 Tall shrubland 

5 Low shrubland to 

open woodland 

6 Open shrubland 

7 Jarrah/marri open 

forest and woodland 

8 Forest-shrubland 

ecotone 

9 Forest-shrubland 

ecotone 

Number of Species Landform/soilsb 

quadrats* 2 3 4 5 6 7 8 9 richness3  

49 (39,10) 43.0 (42.9, 43.6) 

15 36.3 

11 23.4 

3 29.3 

22 47.2 

11 41.9 

10 40.7 

5 40.8 

5 21.0 

Freely drained sands in uplands 

and valley divides (CA, Bwp, Ds, 

Dc, Q). 

Fertile sands with some loam (WA, 

CA, HA). 

Humus podzols in gently sloping 

sandy terrain (HA, A). 

Peaty podzols in lower slopes of 

sandy terrain (HA, A). 

Shallow gritty duplex soils/podzols 

(Lp, Kp, Mtp, Cop, BU). 

Humus podzols (F, CA). 

Sands (HA, A). 

Leached sands and podzols (Gs, 

Ks). 

Sandy yellow duplex soils (A, HA) 

3 values for sub-communities is parentheses;b units of Churchward et al (1988). 
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0.7640 

Shrubland 

1 

(18) - 

Shrubland (19 ) 

Closed shrubland (20) 

Blackbutt woodland (21 ) - 

Melaleuca woodland (22) - 

Melaleuca woodland (23) 

Open shrubland (24) 

(25) -1 Melaleuca woodland 

Granite outcrop (26) - 

Granite outcrop (27) 

Granite outcrop (28) - 

Fertile valley floors (29) - 

Yate woodland (30) 

Granite outcrop (31 ) - 

Granite outcrop (32) - 
Granite outcrop (33) - 

Blackbutt woodland (34) - 

Wandoo woodland (35) - 

Open woodland (36) - 
1 1 

0.7640 

0.8372 

I 

0.9104 0.9836 

I 

1.0568 

I 
1.1300 

I 

I 

0.8372 0.9104 

I 
0.9836 

I 

1.0568 

I 

1.1300 

Figure 6. Dendrogram classification of the 46 sites (based on 524 vascular plant taxa) of the Swamp and outcrop Communities 

Supergroup (C); community type and sub-type are shown in brackets. 

Tall open karri/marri/tingle forest 

Tall open karri/marri/tingle forest 

Open jarrah/marri forest 

Open jarrah/marri forest 

Open jarrah/marri forest 

Open jarrah/marri forest 

Low open/tall open jarrah/marri forest 

Low open/tall open jarrah/marri forest 

Low open/tall open jarrah/marri forest 

Low open/tall open jarrah/marri forest 

Low open/tall open jarrah/marri forest 

Open jarrah/marri forest 

Open jarrah/marri forest 

Low open jarrah/marri forest 

0.6280 0.7444 0.8608 0.9772 1.0936 1.2100 

Figure 7. Dendrogram classification of the 136 sites (based on 428 vascular plant taxa) of the Open-forest Communities Supergroup (D) 
community type and sub-type are shown in brackets. v 

These were in hilly terrain, but with poor soils or 

moisture holding capacity 

Tall open-forest Communities Supergroup. Separate 

community groups were not recognised in this commu¬ 

nity supergroup (E: 89 quadrats and 136 taxa). How¬ 

ever, three types and 12 sub-types were defined in this 

supergroup (Fig 8, Table 7) which included sites occur¬ 

ring in loamy soils in freely drained upland areas with 

good moisture retention capabilities. Considerable varia¬ 

tion in vegetation structure was noted in the three non¬ 

forest supergroups. 

Community types and species richness 

The Tingle Mosaic was rich in species, although 

quadrats in tall-open forest were species-poor (Table 7). 

Species richness between quadrats was not normally dis¬ 

tributed (Fig 9). This distribution reflected the uneven 

sampling effort within the study area. There was a large 

number of quadrats in tall open-forest writh low species 

richness, and in open-forest and woodland with high 

species richness. Community types are species-rich in all 

but relatively fertile freely-drained upland sites, and ex¬ 

treme areas such as outcrop or saline seepage. Species 

richness is very high in open-forest and woodland envi¬ 

ronments on shallow or sandy soils. 

The high richness of the Tingle Mosaic manifested 

itself through a very high proportion of singletons 

within quadrats of the survey area, particularly in the 

Open-forest and Swamp and outcrop Communities 

Supergroups. Notably, over 25 % of species occurred in 

only a single quadrat (singletons - Table 8). A high pro- 
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Table 4 

Description of community types in the Dune vegetation Communities Supergroup (Communities Supergroup B) 

Community- Description Number of Species richness2 Land form/ soilsb 

type2 quadrats2 

10 Shrubland. 2 34.0 Interdune plains in older 

D'Entrecasteaux dunes 

11 Banksia woodland. 4 39.7 Seasonally inundated, interdune 

plains in D'Entrecasteaux dunes. 

12 (a,b) Seasonally 

inundated coastal 

herbland. 3(1/ 2) 27.3 (27.0, 28.0) Seasonally inundated, freely 

drained D'Entrecasteaux dunes. 

13 Tall shrubland in 

sumps 1 20.0 Sumps in BWp. 

14 Shrubland on older 

dunes. 13 40.1 Older D'Entrecasteaux dunes. 

15 Shrubland on recent 

dunes 10 36.0 Recent D'Entrecasteaux dunes. 

16 (a,b) Closed shrubland on 4 (1, 3) 26.5 (28.0, 26.0) Limestone substrate in 

limestone substrate D'Entrecasteaux dunes. 

17 Open shrubland to 2 29.5 Coastal granite headlands in 

low open heathland 

on coastal headlands 

D'Entrecasteaux dunes. 

a values for sub-communities in parentheses;b units of Churchward et al. (1988). 

Table 5 

Description of community types in the Swamp and outcrop Communities Supergroup (Communities Supergroup C). 

Community 

type 

Description Number of 

quadrats 

Species 

richness 

Land form/ soilsa 

18 Shrubland. 7 39.1 Broad peaty interdune 

plains. 

19 Shrubland. 1 28.0 Permanently moist freely 

drained peaty swamps. 

20 Closed shrubland. 3 23.0 Broad seasonally inundated 

peaty sands 

21 Blackbutt woodland. 5 40.2 Seasonally inundated clay 

loams. 

22 Melaleuca 

woodland 

2 35.5 Seasonally inundated. 

23 Melaleuca 

woodland 

2 24.0 Seasonally inundated 

estuarine habitats. 

24 Open sedgeland. 4 24.7 Seasonally inundated clay 

soils. 

25 Melaleuca 

woodland 

1 20.0 Seasonally inundated 

sumps. 

26 Granite outcrop. 1 29.0 Coastal granite outcrop. 

27 Granite outcrop. 2 29.5 Sand amongst granite 

outcrop. 

28 Granite outcrop. 2 17.0 Loam amongst granite 

outcrop. 

29 Tall Shrubland to 

Tall open-forest 

2 17.0 Fertile minor valley floors. 

30 Yate woodland. 1 55.0 Clay valley floors. 

31 Granite outcrop. 1 66.0 Shallow soils on granite 

outcrop 

32 Granite outcrop. 1 39.0 Shallow soils on granite 

outcrop 

33 Granite outcrop. 5 60.2 Shallow soils on granite 

outcrop 

34 Seasonally 

inundated blackbutt 

woodland. 

2 55.0 Clay-loams on seasonally 

inundated valley floors 

35 Wandoo woodland 1 26.0 Low valley slopes 

36 Open woodland. 3 43.0 Clay in granitic outcrop 

2 units of Churchward et al. (1988). 
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Table 6 

Description of community types in the Tall open-forest Communities Supergroup (Communities Supergroup D). 

Community-type Description Number of 

quadratsa 

Species richness3 Landform/soilsb 

37(a, b) Tall-open 

karri/marri/yellow 

tingle forest 

40 (12, 31) 34.0 (33.4, 38.7) Brown/yellow gravelly 

freely drained upland 

(Ky, My, COy, VI) 

38(a, b, c, d, e) open jarrah/marri 

forest 

31(3, 8, 6,14) 42.8(55.7, 41.1,42.5, 40.0 Brown-gravelly freely 

drained upland (Kb, 

Mb, COb, VI) 

39(a, b, c d, e) 

40(a, b) 

Low-open to tall- 

open jarrah/marri 

forest 

Open jarrah/marri 

47(9,17, 6, 9, 5) 53.5(65.2, 54.8, 50.3, 41.2, 45.8) Gravelly upland sites - 

including block laterite 

(Ky, Kp, My, COy). 

forest 6(5,1) 47.5(46.0, 54.0) Shallow gritty soils 

amongst rock outcrop 

(Ly, Ls, Lg, Ks). 

41 Low-open 

jarrah/marri forest 

associated with 

granite outcrop. 

12 55.4 Shallow gritty soils 

amongst rock outcrop 

with laterite (COp, COy 

Mtp, Mty, Ly, Lp). 

a values for sub-communities in parentheses;b units of Churchward et al. (1988). 

Tall open karri/red tingle forest 

Tall open karri/red tingle forest 

Tall open karri/red tingle forest 

Tall open karri/red tingle forest 

Tall open karri/red tingle forest 

Tall open karri forest 

Tall open karri forest 

Tall open karri forest 
Tall open karri forest 

Tall open karri forest 

Tall open karri forest 

Tall open karri forest 

0.5610 0.6284 0.6958 0.7632 0.8306 0.8980 

Figure 8. Dendrogram classification of the 89 sites (based on 132 vascular plant taxa) of the Tall open-forest Communities Supergroup 

(E); community type and sub-type are shown in brackets. 

Table 7 

Description of community types in the Tall open-forest Communities Supergroup (Communities Supergroup E). 

Community-typea Description Number of 

quadrats3 

Species richness3 Landform/soilsb 

42(a, b, c) Tall-open 

karri/red tingle 

forest 

78(12, 20, 10, 29, 7) 19.3(18.1, 21.8, 24.5,17.0,16.0) Brown-gravelly 

freely drained 

upland (Kb, 

Mb, COb, VI) 

43(a, b, c, d, e, f) Tall-open karri 

forest 

10(1,1,5,1,3,1) 19.1(16.0, 25.9,17.2,15.0, 33.0 16.0) Brown-gravelly 

freely drained 

upland (Kb) 

44 Tall-open karri 

forest 

1 12.0 Brown=gravelly 

freely drained 

upland (Kb) 

3 values for sub-communities in parentheses;b units of Churchward et al. (1988). 
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Table 8 

Comparisons between three floristic surveys of the high rainfall zone (HRZ) of south-western Australia. 

Survey Authors Area 

km2 

Species 

(analysed) 

Singletons (%) Quadrats Community 

types 

Tingle Mosaic Wardell-Johnson 3 700 (857) 214 (25) 441 44 (75 subtypes) 

Swan Coastal 

Plain 

Gibson et al. 

(1994) 

4 000 1485 (1097) 272 (25) 509 30 (43 subtypes) 

South Coast Gibson (pers. 

comm.) 

2 000 910 (877) 214 (24) 301 40 

portion of singletons has also been noted in other floris¬ 

tic studies carried out in the HRZ (Table 8). 

Endemism in the Tingle Mosaic 

A total of 20 taxa, endemic to the Tingle Mosaic were 

encountered in quadrats located in this study area (Table 

9). At least another 13 taxa are known to be endemic to 

the study area, but were not located in quadrats (Table 

9). This included four dominant forest eucalypts, a 

hybrid and a eucalypt taxon (E. Virginia ms) previously 

collected in the area (1961) but not recognised as unique 

until the present study. Many of these locally endemic 

taxa are also rare (Table 9). A substantial number of 

collections made during this study require further 

clarification of taxonomic status. Thus additional taxa 

may subsequently be found to be restricted to the Tingle 

Mosaic. The considerable variation within what is 

currently accepted as a species suggests that several 

genera require major revision. These include Hcrnigenia, 

Astartea, Baeckea, Agon is, Calandrinia, Aotus, Chorizema, 

Daviesia, [acksonia, Latrobca, Leucopogon, Logania, Olearia 

and Hibbertia. 

The distribution of the endemic taxa is not even. For 

example 29 priority flora are known to occur within 10 

km of Mt Lindesay (314 km2) compared with 130 for the 

whole of the Southern Forest Region (14 400 km2). This 

is a ratio of 10.2:1 on an area basis. 

Many taxa found most commonly in drier or more 

seasonal environments than the Tingle Mosaic have lim¬ 

ited ranges within the Tingle Mosaic (Table 10). These 

are usually confined to upland north-east facing slopes 

(e.g. Banksia gardneri var. brevidentata in the Soho Hills) 

or deep sands (e.g. B. coccinea in Redmond Forest Block) 

within the Tingle Mosaic. Many taxa that are confined to 

high rainfall, less seasonal areas and do not extend into 

the drier parts of the Tingle Mosaic, have range limits 

within the area (e.g. Anthocersis sylvicola, Lomandra ordii 

and Reedia spathacea, the latter being confined to peat 

swamps west of the Bow River catchment). Other spe¬ 

cies occurring in peat swamp habitats, such as Cosmelia 

rubra and Cephalotus follicidaris have distributions 

centred in the Tingle Mosaic. 

Table 9 

Taxa endemic to the study area. 

Taxon 

r Actinotus sp Walpole (/ R Wheeler 3786) 

Alexgeorgea ganopoda 

Andersonia aff. setfolia (? A. macronema) 

Andersonia auriculata 

Andersonia sp Coll is (G Wardell-Johnson 5 A) 

Andersonia sp Middle Rd.(A R Annels 1059) 

Andersonia sp Mitchell River (B G Hammersley 925) 

w‘ Andersonia sp Mt. Lindesay (J A Cochrane 405) 

Anthocersis sylvicola ms. (P G Wilson 6312) 

Boronia virgata 

Borya longiscapa 

Bossiaea webbii 

* Caladenia evanescens 

r Calothanmus sp Mt.Lindesay (B G Hammersley 439) 

r Cryptandra congesta 

Eriochilus scaber subsp orbifolia ms 

Eucalyptus brevistylis 

Eucalyptus ficifolia 

Eucalyptus ficifolia x calophylla 

Eucalyptus guiIfoylei 

Eucalyptus jacksonii 

Eucalyptus Virginia ms (A R Annels 3107) 

Gastrolobium brownu 

Grevilleafuscolutea 

Lambertia aff. uniflora (A R Annels 1024) 

Microtis globula 

Rorippa dictyosperma (G J Keighery 11945) 

Sollya drommondii 

r Spyridium riparium 

#‘ Tetratheca elliplica 

*' Thelyrnitra jacksonii ms 

Trymaliutn venustum 

r Verticordia apecta 

Figure 9. Numbers of quadrats plotted against species richness 

for 304 quadrats in the Tingle Mosaic. 
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Table 10 

Taxa with ranges ending in the Tingle Mosaic. 

Western limit 

Acacia biflora Grevillea umbellulata subsp acerosa 

Acacia luteola Hakea lasiantha 

Acacia sulcata Isopogon latifolius 

Agonis marginata Lambertia echinata subsp citrina 

Banksia coccinea # 
Latrobea sp South Coast (Ashby 1949) 

Banksia gardneri var gardneri # 
Lepidium pseudotasmanicum (SW limit) 

Banksia gardneri var brevidentata # 
Lepyrodia hermaphrodita 

Banksia goodii # 
Lepyrodia monoica 

Banksia verticillata # 
Lysinema lasianthum 

Billardiera sp South Coast (A R Annels 227) Melaleuca sp (A R Annels 863) 

Brachysema sericeum Melaleuca violacea 

* Chorizetna rcticulatum Monotoca tamariscina 

* Conostylis misera Neruda crenulata 

Dryandra serra Platy theca juniperina 

Eucalyptus angulosa Rinzia schollerifolia 

* Eucalyptus buprestium Schoenus trachycarpus 

8 Eucalyptus decurva #* 
Sphen o to rna dru m tnon d ii 

Eucalyptus dorotoxylon # 
Sphenotorna parviflorum 

Eucalyptus missilis Synaphea polymorpha 

Eucalyptus occidentalis ' Verticordia endlicheriana var angustifolia 

Eucalyptus staeri # 
Verticordia fitnbrilepis subsp australis 

Eucalyptus wandoo (SW limit) # 
Xanthosia singuliflora 

Eastern limit 

” Actinotus laxus ms Lepyrodia extensa ms 

Chaetanthus leptocarpoides # Lo man dra ordii 

Chorizema rctrorsum * Melaleuca ringens 

Eucalyptus calcicola # 
Restio jacksonii 

Gafmia sp Yelverton (G J Keighery 10820) # 
Restio ustulatus 

Hemigenia microphylla (SE outliers) # 
Sporodanthus rivularis ms 

*’ Hypocalymma sp Scott River (A S George 1177) Patersonia umbrosa var xanthina 

Reedia spathaceae Stylidium laciniatum 

* Hypolaena caespitosa ms Stylidium pritzelianum 

” Hypolaena viridis ms Taraxis glaucescens ms 

8‘ Kennedia glabrata Tar axis grossa 

* Lambertia orbifolia 

Southern limits and outliers 

8 Chamelaucium forrestii subsp forrestii ms #* 
Drakaea micrantha 

8 Darwinia thymoides #* 
Epiblema grandiflorum var cyanea ms 

Diuris drummondii # 
Grevillea cirsiifolia 

'priority taxa; 8 taxa not recorded during this survey. 

Discussion 

The Tingle Mosaic includes both great floristic rich¬ 

ness and many rare and locally endemic plant species. 

Detailed taxonomic work on the collections made dur¬ 

ing this survey is likely to provide further insight into 

the historical biogeography, and evolutionary history of 

the area. Other floristic studies of the high rainfall zone 

(HRZ) in the Swan Coastal Plain and along the south- 

coast, which have included over 1200 quadrats and 2000 

species, demonstrate the individualistic nature of the 

floristics of the HRZ and that over 25% of the quadrat- 

based flora records are of taxa recorded only in a single 

quadrat (Gibson et al. 1994; N Gibson, CALM, pers. 

comm. 1995). Although new taxa continue to be discov¬ 

ered in forest sites, these are the least variable of the 

community types at a landscape scale. Sites in tall-open 

forest tend to be poorest in species (excepting extreme 

sites), with least variation across the landscape. The 

overall floristic diversity of the HRZ is very high. The 

richness of the flora of the region is related to this rich 

landscape pattern, which in turn is associated with a 

diverse climatic and edaphic history. 

Endemism in the Tingle Mosaic 

The Tingle Mosaic is notable for high species richness 

of locally endemic species. Several other south-western 

areas are also notable for high richness of local endemic 

and rare species (e.g. Whicher Range, Darling Scarp). 

However, none are notable for the high numbers of lo¬ 

cally endemic dominant species described by this study. 

For example, five species of dominant forest eucalypts 

are locally endemic to the Tingle Mosaic. These species 

were considered by Wardell-Johnson & Coates (1996) to 

be indicators of a non-mobile, small-scale relictual biota 

that is confined to the region. 

Swamp and outcrop sites are likely to have been im¬ 

portant refugia for both the mesic and dry country ele¬ 

ments of the biota during the major climate fluctuations 
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since the mid Tertiary (Hopper 1979; Hopkins et al. 

1983). Isolation of populations in these sites has led to 

differentiation and speciation in some woody plant gen¬ 

era (c.g. Agonis, Andersonia, Chamaelaucium and 

Leucopogon). Eucalyptus brevistylis, a tall forest tree, is the 

largest species endemic to granite outcrop sites. This 

species is also locally endemic to the Tingle Mosaic and 

associated with the moisture gaining sites at the base of 

granite outcrops in areas of high relief. 

The high levels of endemism associated with upland 

granite outcrop areas is no doubt associated with the 

geological and climatic history of the area. Thus sites 

relatively high in the landscape may have become is¬ 

lands during marine transgressions. Large islands such 

as Mt Lindesay may have retained a greater array of 

habitat-types than smaller islands such as Granite Peak, 

Mt Frankland and Mt Roe. These smaller peaks retain 

many rare and locally endemic taxa, but only a small 

proportion of the total within the region in comparison 

with Mt Lindesay. 

Association of floristics with environmental attributes 

The Tingle Mosaic features high landscape diversity 

encompassing hills and ridges, granite monadnocks, 

swamp, steep river valleys, dune systems and coastal 

cliffs. This area includes vegetation types ranging from 

tall open-forests to herblands and includes high levels of 

heterogeneity immediately adjacent to the forests and 

woodlands. Thus 36 of the 44 community types are out¬ 

side the forests. Of these, six are community types oc¬ 

curring on outcrops and 22 occur in swamp habitat. 

Both these landscape features include high gamma plant 

diversity. 

The degree to which community types are associated 

with the landform soils units of Churchward et al. (1988) 

is likely to vary between community types. Soil type 

appears to be stronger than landform in its associations 

with community types in hill and ridge areas of granitic 

base rock. However, at a fine-scale, considerable varia¬ 

tion has been noted within the community sub-types of 

the tall open-forests of the area. For example, Inions et 

al. (1990) examined variation in floristics within regener¬ 

ating karri forest over a major part of the range of karri. 

They defined 13 community types on the basis of floris- 

tic variation, each differing in productivity as measured 

by age-standardised top-height. This was despite the 

finding of Wardell-Johnson et al. (1989) that karri forest 

displayed the lowest alpha and gamma diversity of the 

12 community types that they defined in the Walpole- 

Nornalup National Park. Twelve community sub-types 

are defined within the three community types of the Tall 

open-forest Communities Supergroup in this study. 

The swamps of the area are important features of the 

landscape and exhibit great variation from peat swamps, 

estuaries, lakes and playas. This diversity of swampland 

has been recognised in land form-soils mapping of the 

south-west. Of the 37 land form-soils units mapped by 

Churchward et al. (1988) along the south coast, 2 are 

valley units (17 sub-units), and 16 are units in swampy 

terrain. Thus half of the units identified by Churchward 

et al. (1988) are based on riparian or swampy terrain, 

although these occupy a minor proportion of the total 

landscape of the study area. Although the topography is 

muted, the origin and expression of this variation is not. 

and sharp ecotones between communities supergroups 

are a feature of the Tingle Mosaic (Wardell-Johnson et al. 

1989). 

Floristic pattern in granite outcrop and swamp com¬ 

munities reflects high levels of complexity in landform 

soils mapping in these environments (Churchward et al. 

1988). Swamp and outcrop communities have high 

gamma diversity. An expanded program of survey 

would be required to target the exceptional variety of 

environments in the Swamp and outcrop Communities 

Supergroup. The high water table in areas of swamp 

vegetation leads to a close link between water table and 

community structure in an area of great edaphic com¬ 

plexity. These community types are also likely to be 

most vulnerable to changes in land use. 

There is considerably less floristic diversity occurring 

in tall open-forest than in other vegetational structural 

types. Two community supergroups (D and E), repre¬ 

senting eight community types, occur in hills and pla¬ 

teau landform units and include forest. Open-forest, tall 

open-forest and woodland communities included most 

of the quadrats (356 of 441) and also occupied the larg¬ 

est area within the region. Thus hill and plateau units 

represent over 54% of the total survey area but include 

few of the community types. The open-forest areas in¬ 

clude high levels of a diversity, and occur on shallow 

and infertile soils of this high rainfall zone. 

Integration of floristic classifications and landform 

soil mapping 

There are many site-based floristic studies for, or 

near, the Tingle Mosaic. Wardell-Johnson et al. (1989) 

developed a floristic classification of the Walpole- 

Nornalup National Park based on 219 quadrats and 233 

species. Inions et al. (1990) defined 13 community types 

on the basis of floristic variation within regenerating 

karri forest over a major part of the range of karri. 

Strelein (1988) defined seventeen site types based on the 

floristic composition of over 400 sites in the southern 

part of the range of jarrah using the methods of Havel 

(1968, 1975 a,b). Both Inions et al. (1990) and Wardell- 

Johnson et al. (1989) provided a means of allocating in¬ 

dependent sites to the classification using discriminant 

functions on species defined as indicators in the analysis 

(72 and 52 species respectively). Thus sites in one classi¬ 

fication can be defined according to another. Classifica¬ 

tions developed in both studies have used similar meth¬ 

ods and both schemes can be mapped (Ward & Wardell- 

Johnson 1993). However, although Hopper et al. (1992) 

concluded that an integration of site-based work (in the 

Warren Botanical Subdistrict) is desirable, considerable 

site revisiting would be required. The present study al¬ 

lows the integration of previous studies carried out over 

a small area, or within a subset of the variation in floris¬ 

tic composition (i.e. either in jarrah or karri forest) of the 

region. This work is required urgently and would allow 

an environmental context for the management of the re- 

gion. 

Floristic mapping 

Previous maps of the floristics of the Tingle Mosaic 

area include a vegetation map (Smith et al. 1991) which 

recognized the association of the twelve community 

types defined by Wardell-Johnson et al. (1989) with the 
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landforms/soil units of Churchward et al. (1988). Never¬ 

theless, the complexity of the floristics in the Swamp 

and outcrop Communities Supergroup was underesti¬ 

mated by this work. Ward & Wardell-Johnson (1993) 

provided a trial mapping of the community types deter¬ 

mined by Inions et al. (1990) which found that these 

community types varied in a complex pattern in karri 

forest. They concluded that while mapping of commu¬ 

nity types was feasible, it was both expensive and time- 

consuming. They suggested that resources would be bet¬ 

ter spent integrating remote sensed imagery with site- 

based quadrat data to derive models of vegetation com¬ 

munities. The distribution of community types defined 

by Inions et al. (1990) is broadly geographically based 

(Wardell-Johnson & Christensen 1992), although overlap 

occurs within a single landform/soils unit (as defined 

by Churchward et al. 1988). 

The forests, however, have been mapped at fine scale. 

The whole of the HRZ (apart from gaps in the Leeuwin 

Naturaliste Ridge) was vegetation mapped at 1:25 000 

scale, from aerial photographs of 1:40 000 scale, during 

the 1950s and 1960s. A series of 233 maps of the area 

were produced and the data digitised for the Forest 

Management Information System (FMIS) as 2 hectare 

square grid cells. These data were updated, usually us¬ 

ing 1:25 000 scale colour aerial photography during the 

late 1970s. These maps provide the structure, density 

and floristic composition of the overstorey of all of the 

south-western forests (excepting that area mentioned 

above). The Forests Department aerial photography in¬ 

terpretation (API) type-maps used a structural classifica¬ 

tion system of plant communities which combined 

height/life form of dominant plants and the projective 

area of ground covered by the foliage of the dominant 

plants in the ecosystem. Within these structural subdivi¬ 

sions, species composition of the overstorey was used to 

define forest type. 

There is a need to amalgamate the plant communities 

defined by this study with those from other studies (e.g. 

Strelein 1988; Wardell-Johnson et al. 1989; Inions et al. 

1990; Gibson et al. 1994) and with broad scale vegetation 

mapping (e.g. Beard 1972-80; Smith 1972, Hopkins et al. 

1995). There is also a need to access existing information 

in relation to the distribution of forest types particularly 

that available at 1:25 000 scale API maps prepared dur¬ 

ing the 1960s. This in conjunction with remote sensed 

imagery will allow more effective extrapolation of exist¬ 

ing quadrat-based data. The continuum of vegetation 

community types in the Tingle Mosaic requires acknowl¬ 

edgment in vegetation mapping, as with research in the 

northern jarrah forest by Heddle et al. (1980). Thus the 

landform/soils maps of Churchward et al. (1988) should 

form the basis of maps of complexes of community 

types in the Tingle Mosaic. The boundaries of these sub¬ 

communities are often diffuse. The presentation of sum¬ 

mary information of individual community types (and 

sub-types) and their geographic distribution would be 

helpful in the mapping of these environments. This 

would be of considerable benefit to managers of the en¬ 

vironment of the Tingle Mosaic. 

Hierarchies of mapping units for land resource and 

vegetation survey allow consistent approaches with 

mapping scales at varying levels of complexity. Higher 

levels of complexity of the biota are revealed at finer 

scales of mapping. At the local scale, a sound perspec¬ 

tive for reserve selection and design, and for ecosystem 

management is provided by studies covering a broad 

range of environments and incorporating a thorough as¬ 

sessment of the biota. A hierarchy of mapping units for 

land resource survey prepared for the Darling District (P 

Tille, Agriculture WA, pers. comm, 1995) includes the 

HRZ. Can this approach also be used in reserve system 

design and management? 

A similar hierarchy of vegetation types, based on the 

structural types of Beard (1980-1981) has been developed 

for the State of Western Australia (Hopkins et al, pers. 

comm.) using aerial photographic interpretation in com¬ 

bination with detailed field assessment. The digitised 

vegetation types were digitised from the original line- 

work and 1: 250 000 scale maps prepared by Beard 

(1980, 1981). His scheme is based on physiognomy simi¬ 

lar to that of Specht (1981), but he classified the vegeta¬ 

tion according to the ecologically dominant stratum 

rather than the tallest stratum. This recognises 823 types, 

199 groups and 50 supergroups. The supergroups are 

used in producing a new 1: 3 000 000 scale map of the 

vegetation of Western Australia. 

Although the difficulty of mapping vegetation com¬ 

munities in topographically subdued landscapes with an 

apparently homogenous overstorey has been amply 

demonstrated (Havel 1975a,b), mapping complexes of 

such communities has become an important tool to de¬ 

termine reservation status and to guide its management 

(Heddle el al. 1980). Structural vegetation types and 

landform/soils mapping, both derived from the inter¬ 

pretation of remotely sensed imagery (usually aerial 

photography) are useful tools when used in conjunction 

with regional floristic survey. The amalgamation of flo¬ 

ristic studies from the HRZ will allow a more effective 

overall hierarchy to be developed of plant community 

assemblages in the area. 

Conclusions 

The Tingle Mosaic region had already been noted for 

its high diversity of herbaceous perennial taxa (Hopper 

et al. 1992), but is also notable for diversity among shrub 

and tree perennial taxa. This study identified many new 

taxa, and shows that the area is an important refuge for 

many high rainfall relictual woody taxa besides the 

tingle trees after which the area has been designated. 

The ancient and complex geological history marked by 

prolonged leaching and erosion, deposition and 

lateritization of the land-surface has resulted in a sub¬ 

dued landscape despite its complex ontogeny. This var¬ 

ied climatic and edaphic history has no doubt contrib¬ 

uted to the present richness of the flora. The present 

study quantifies this variation for the vascular plants, 

while Horwitz (1994) demonstrated the high levels of 

endemism in the freshwater invertebrates of the region. 

Wardell-Johnson & Horwitz (1996) demonstrated the 

need for a new approach in fine-scale management in 

the HRZ to reflect and account for the biotic variation in 

the region. 

This study has provided a means for deriving an un¬ 

derstanding of the local scale pattern of the biota in ar- 
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eas of high biotic richness and high levels of land use 

pressure. The integration of site-based work, the defini¬ 

tion of complexes of community types, and the map¬ 

ping of these floristic assemblages are applications of 

this research which would be invaluable in the manage¬ 

ment for the conservation of biodiversity in the region. 
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Appendix 

List of taxa for the Tingle Mosaic with constancy (percentage of sites occupied by the species) for each taxon of each community group (A1-A4, B1-B2, Cl- 

C3, D1-D2, El). ' 7 & K 

Community Group: A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Number in Group: 64 14 53 10 29 11 14 8 13 71 65 89 

Adiantaceae 

Cjieilanthes austrotenuifolia 2 25 8 3 2 
Aizoaceae 

Carpobrotua modest us 14 

Amaranthaceae 

Ptilotus stirlingii var laxus 10 

Anthericaceae 

Agros tocrinuni sea brum 9 17 10 14 15 6 38 

Borya longiscapa 8 

Borya sphaerocephala 13 8 

Caesia parviflora 9 7 13 23 6 

Chamaescdla corymbosa 7 8 14 50 54 1 6 

Corynotheca micrantha var panda 

Johnsonia lupidina 66 14 53 

7 

18 14 8 25 

Laxmannia jamesii 8 

Ijjxtnannia minor 23 

Sowerbaea laxiflora 10 55 15 3 

Thysanot us a renarius 2 8 1 

Thysanotus gracilis 4 20 14 9 1 2 

Thysanotus manglesianus 2 7 

Thysanotus multiflorus 42 14 28 20 27 21 31 11 37 2 

Thysanotus patersonii 1 

Thysanotus pauciflorus 6 3 

Thysanotus sp 3 

Thysanotus sparteus 2 43 23 6 

Thysanotus tenellus 2 2 

Thysanotus thyrsoideus 3 15 6 12 

^'iconpie elatior 5 2 15 2 

Tricoryne humilis 20 14 7 8 1 15 

Apiaceae 

Actinotus glomeratus 14 4 9 8 2 

Actinotus omnifertilis 

Apium prostratum var prostratum 

Centella asiatica 

Daucus glochidiatus 

2 11 

10 

3 

27 

7 

Hydrocotyle callicarpa 7 15 

Hydrocotyle plebeya 

Hydrocotyle sp 1 

30 

8 

Hydrocolyle tetragonocarpa 

Pentapeltis silvatica 2 

20 24 

3 32 

Platysace anccps 7 2 

Platysace compressa 33 28 10 17 13 35 46 4 

Platysace filiformis 8 5 

Platysace pendula 27 8 9 3 

Platysace tenuissima 

Trachymcne anisocarpa 

Trachymenc pilosa 

2 

30 14 31 

3 

Xanthosia Candida 2 3 8 4 6 

Xanthosia fruticulosa 8 2 

Xanthosia hederifolia 3 4 3 1 

Xanthosia huegelii 17 11 10 11 32 

Xanthosia rotundifolia 30 30 8 21 48 1 

Aspleni aceae 

Asplenium aethiopicum 8 1 

Asplenium flabellifolium 1 2 1 

Astera ceae 

Aster idea pulverulenta 20 38 

Brachyscome iberidifolia 

Cotula coronopifolia 

Conyza bonariensis' 

10 

17 7 

2 

Crasped ia pleiocephala 

Gnaphali um sphaeric u m 

17 

7 

13 23 2 

Helichrysum cordatum 10 14 1 

Helichrysum macranthum 

Helichrysum ramosum 

3 

15 13 5 27 

Hyalosperma cotula 8 

Hypochaeris glabra' 8 7 50 31 10 2 8 

higen if era huegelii 10 21 15 6 6 

Millntia myosot idifolia 10 14 

Olearia aff paucidentata (GWJ 2959) 

Olearia axillaris 2 40 72 

7 

Olearia cassmiae 

Olearia ciliata 10 

10 13 

Olearia paucidentata 

Podolepis gracilis 

Pseudognaphalium luteoalbum' 

10 

7 

8 

13 3 

Senecio gilbert ii 2 13 10 2 2 
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A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 

Senecio glomeratus 

Senecio lautus subsp maritimus 

Senecio quadridentatus 

40 79 

7 

13 

Senecio ramosissim us 20 

Siloxerus filifolius 

Sdoxerus humifusus 

2 10 7 

14 

13 

8 

Sonchus oleraceus ‘ 7 13 8 

Trichocline spathulata 

Vellereophyton dealbatum' 

Waitzia citrma 20 48 

8 

3 

Brassicaceae 

Stenopetalum robustum 7 28 9 7 

Campanulaceae 

Wahlenbergia communis 

Wahl cm bergia gracilen ta 

13 

1 

Casuarinaceae 

Allocasuarina decussata 8 7 65 15 

Allocasuarma fraseriana 86 15 7 9 8 1 15 

Allocasuarina humilis 2 20 21 46 2 

Centrolepidaceae 

Aphelia cyperoides 6 7 15 

Central epis a ns tat a 2 

Cephalotaceae 

Ccphalot us foilicularis 9 

Chenopodiaceae 

Atriplex prostrata' 

Rhagodia baccata 

Sarcocomia quinqueflora 

20 17 

7 

13 

Colchicaceae 

Burchardia monantha 

Burchardia multiflora 13 13 10 9 

7 

13 31 2 

Burchardia umbellata 45 29 36 9 13 5 

Wurmbea dioica subsp alba 

Wurmbea monantha 7 

13 

Convolvulaceae 

Dichondra repens 3 

Cyperaceae 

Baumea sp (GWJ 5231) 9 

Baumca sp (GWJ 3056) 9 

Baumea juncea 9 14 13 

Baumea vaginalis 

Carex sp (GWJ 5229) 

7 

13 

Cyathochaeta avenacea 6 14 36 9 36 13 31 11 25 

Cyathochaeta clandestina 8 6 5 

Evandra aristata 3 36 15 10 73 5 

Evandra pauciflora 

Gahniafilum6 
4 

7 

Gahnia decomposita 4 20 18 57 3 2 

Gymnoschoenus anceps 9 36 

Isolepis marginatae 8 10 9 8 

Isolepis nodosa1 30 31 14 13 8 

Isolepis prolifera' 13 8 

Lepidosperma aff gracile (GWJ 5257) 8 

Lepidospenna aff angustatum 

Lepidosperma aff tenue (GWJ 5258) 

8 

2 

Lep id os perma a ngus tatu m 27 15 30 76 18 21 38 77 10 37 

Lepidospenna effusum 8 40 3 75 15 56 2 

l£pidosperma gladia tum 60 28 

Lepidospenna gracile 10 1 

Lepidosperma leptostachyum 13 29 8 10 17 25 15 80 65 

Lep idos penna Ion git u d inale 

lepidosperma squamatum 2 

10 13 

Lepidosperma tenue 3 23 3 15 1 14 

Lepidosperma tetraquetrum 

Lepidosperma viscidn m 

Mesomelaena graciliceps 13 9 

3 

9 

25 3 

Mesomelaena stygia * 11 7 17 18 38 12 

Mesomelaena tetragona 8 14 66 43 46 1 15 

Mesomelaena uncinata 8 

Iieedia spathacea 

Cyperaceae sp big 

9 

2 

Cyperaceae sp fine 2 

Cyperaceae sp 1 

Schoenus acuminatus 2 

2 15 1 

Schoenus aff rodwayanus 2 2 7 18 

Schoenus bifidush 16 15 20 27 3 15 

Schoenus brevisetisa 5 9 15 

Schoenus brevisetis vel sp aff 2 7 4 10 7 9 

Schoenus curvifolius 2 

Schoenus grandiflorus 3 15 24 1 15 

Schoenus odonocarpus 7 5 
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A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Schoenus subbulbosiis 2 13 1 

Schoenus subflavusc 13 9 8 1 

Tetraria octandra 3 8 

Tricostularia neesii var elatior 6 2 

Tricostularia neesii 6 2 3 9 5 

Dasypogonaceae 

Baxtcria australis 2 8 9 

Cnlectasia grandiflora 

Chamacxeros sp nov 

Dasypogon bromeliifolius 100 57 66 3 45 

13 

23 

5 1 

Kirigia australis 5 36 47 7 7 31 

Lxmiandra caespitosa 2 4 3 1 2 

Lomandra drummondii 20 30 9 8 27 46 3 

Ixmiandra hermaphrodita 2 8 2 

hmiandra Integra 9 8 34 34 6 

Lomandra micrantha 2 

Ixmiandra nigricans 28 25 9 17 8 11 

Lomandra pauaflora 5 25 10 14 25 83 55 7 

Lomandra preissii 3 

Ixmiandra purpurea 2 8 3 

Lomandra sericea 5 8 38 31 

Lomandra sonderi 2 2 

Dennstaedtiaceae 

Pteridium esculenlum 6 29 15 18 38 92 20 75 

Dilleniaceae 

Hibberlia sp (GWJ 4822) 8 

Hibbertia aff pulchra (GWJ 4183) 20 6 7 54 5 

Hibbertia a triplex ica ulis 13 28 20 17 14 13 31 65 74 

Hibbetita commutata 11 4 7 13 15 28 55 3 

Hibbertia cuneiformis 4 20 62 4 2 16 

Hibbertta cunningfiamii 

Hibbertia desmophylla 6 

9 20 10 21 13 4 20 2 

Hibbertia furfuracea 20 7 8 10 7 27 6 35 

f Iibbertia glaberrima 5 10 3 

1 I ibbertia grossulari ifolia 20 55 

Hibbertia hypencoides 

Hibbertia inconspicua 

Hibbertia microphylla 

16 2 3 9 

15 

3 

I Iibbertia racemosa 

Hibbertia serrata 

2 21 

21 3 42 

Hibbertia stlvestris 

Hibbertia stellaris 2 21 

8 1 5 

Droseraceae 

Drosera sp (climber) 2 9 15 1 3 1 

Drosera erythrorhiza 

Drosera glanduligera 2 

10 7 

9 

7 15 

3 

Drosera hamiltonii 

Drosera huegelii 2 4 

9 

13 8 1 2 

Drosera macrantha subsp macrantha 2 

Drosera menziesii 2 14 13 45 14 13 38 1 2 

Drosera neesii 5 13 7 

Drosera pallida 30 79 42 21 18 25 23 23 38 1 

Drosera pulchcll 
15 

2 

Drosera sp (rosette) 8 9 18 3 

Drosera stolonifera subsp stolonifera 9 

Epacridaceae 

Andersonia aff caerulea (GWJ 1563) 5 9 

Andersonia auriculata 23 6 9 

Andersonia caerulea 

Andersonia lehmanniana 

44 50 32 10 18 8 15 

subsp lehmanniana 2 

Andersonia micrantha 

Andersonia sprengelioides 6 

2 

7 

9 

38 54 2 

Astralorna baxteri 

Astroloma ciliaturn 

3 

8 

1 

2 

Astroloma drummondii 5 4 8 

Astroloma epacridis 3 

54 1 

5 

Astroloma pallidum 3 

13 

20 

Brachyloma preissii 

Cosmcha rubra 

13 34 

27 

7 

15 

6 

Ixmcopogon sp (GWJ 4828) 

Ixmcopogon altemifolius 

17 

9 

36 15 35 31 Ixmcopogon australis 16 36 58 64 

15 Dmcopogon capitellatus 22 14 21 30 69 9 14 38 38 62 

1 

63 

Leucopogon concinnus 

Leucopogon distans 28 

2 

7 

2 

Leucopogon gilbertii 2 4 

18 

7 

23 12 
leucopogon glabellus 44 8 

Ixmcopogon gracilis 2 

29 11 1 Leucopogon obovatus 16 

59 18 

4 6 

Leucopogon parviflorus 8 4 
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A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Leucopogon pendulus 

Leucopogon polystachyus 

2 4 

18 
Leucopogon propinquus 22 36 14 7 13 20 25 1 
Leucopogon pulchellus 

Leucopogon reflexus 

2 

2 7 15 
Leucopogon unilateralis 13 19 10 18 7 25 23 8 32 
Leucopogon verticiliatus 11 21 7 8 92 86 80 
Lysinema ciliatum 5 2 10 31 9 
Lysinema conspicuum 2 13 8 
Monotoca tamariscina 11 29 25 10 5 3 
Sphenotoma capitatum 2 
Sphenotoma gracile 6 29 43 30 82 15 8 
Sphenotoma squarrosum 

Stypheha tenuiflora 

2 9 

20 
Euphorbiaceae 

Amperea ericoides 13 8 17 7 9 2 

Amperea simulans 11 2 

Amperea protensa 

Amperea volubilis 

2 

10 18 
Phyllanthus calycinus 

Poranthera aff huegelii (GWJ 2837) 

10 38 13 

2 
Poranthera huegelii 6 4 7 34 
Ricinocarpos glaucus 13 1 2 

Gentianaceae 

Centaurium erythraea' 2 7 13 2 
Geraniaceae 

Geranium solanderi 28 

Pelargonium australe 

Pelargonium capitatum ’ 

Pelargonium littorale 

2 

21 

13 8 

Goodeniaceae 

Dampiera alata 2 31 8 
Dampiera hederacea 2 14 15 9 13 70 9 58 
Dampiera linearis 92 93 83 60 64 71 31 17 54 3 
Dampiera trigona 

Diaspasis filifolia 8 10 27 

7 

2 
Goodenia caerulea 

Gooderua eatoniana 2 21 14 

8 

6 42 
Goodenia filiformis var filiformis 

Goodenia leptoclada 9 

7 

Goodenia tenella 7 9 

Lcchenaultia expansa 5 11 10 3 
Scaevola crassifolia 24 

Scaevola globulifera 3 9 1 
Scaevola microphylla 2 2 9 25 6 38 
Scaevola striata 84 66 10 3 18 7 25 23 25 55 1 
Scaevola thesioides 

Velleia macrophylla 10 

8 

Velleia trinervis 2 4 40 28 9 21 23 
Gyrostemonaceae 

Gyrostemon sheathii 3 
Haemodoraceae 

Anigozanthos flavidus 14 8 80 13 34 9 21 
Conostylis aculeata subsp aculeata 6 20 83 14 3 6 

Conostylis setigera 27 9 12 

Haemodorum laxum 2 2 20 9 21 8 3 3 
Haemodorum paniculatum 2 

Haemodorum spicatum 31 79 19 3 18 8 1 2 

Phlcbocarya ciliata 23 2 3 
Tribonanthes australis 

Haloragaceae 

Glischroearyon aureum var aureum 

Gonocarpus benthamii 

Gonocarpus dijfusus 

Gonocarpus paniculatus 

Gonocarpus simplex 

Haloragis broumii 

Haloragodendron racemosum 

Iridaceae 

Gladiolus undulatus' 

Orthrosanthus laxus var l ax us 

Patersoma babianoides 

Patersonia occidentalis 

Patersonia pygmaea 

Patersonia umbrosa var urnbrosa 

Patersonia umbrosa var xanthina 

Romulea rosea' 

Juncaceae 

Juncus kraussii subsp australiensis 

Juncus kraussii 

Juncus pallidus 

18 

2 

33 14 

21 

26 

20 

60 

3 

34 

3 

3 

43 

7 

13 38 

38 

35 

10 

25 

6 

2 

38 

15 

10 
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A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Jiincus pauciflorus 10 

Juncus planifolius 2 2 21 

Lamiaceae 

Hemigenia sp (GWJ 4119) 2 2 8 3 8 

Hemigenia sp (GWJ 4517) 

Hem igett tarn icrophylla 8 

2 

Lauraceae 

Cassytha capillars 

Cassytha mkrantha 16 29 23 

10 

3 36 7 8 2 1 

Cassytha racernosah 47 29 26 30 21 55 50 13 15 55 54 16 

Lentibulariaceae 

Utricularia meniicsii 

Utncularia multifida 

Utricularia simplex 7 

2 9 21 

13 

Utricularia tmella 9 29 31 

Utricularia violacea 7 

Lindsaeaceae 

Lindsaea linearis 58 36 75 15 35 49 

Lobeliaceae 

Isotoma hypocrateriformis 2 2 10 7 7 8 2 

Lobelia alata 80 7 14 13 

Lobelia gibbosa 2 2 10 3 

Lobelia heterophylla 

Lobelia rarifolia 7 

2 

10 

41 2 

lobelia rhombifolia 3 

Lobelia tenuinr 3 50 79 

Loganiaceae 

Logania aff serpyllifolia (GWJ 2743) 2 13 8 4 9 

Logania campanulata 8 5 

Logania serpyllifolia 20 11 30 28 7 15 23 63 1 

Logania vaginalis 10 21 3 1 

Mitrasacme paradoxa 29 8 7 23 1 

Loranthaceae 

Nuytsia floribun da 8 11 7 3 

Menyanthaceae 

Villarsia lasiosperma 10 

Villarsia pamassifolia 70 43 8 

Mimosaceae 

Acacia aff pentadenia (GWJ 3700) 5 8 7 31 

Acacia alata 2 3 2 1 

Acacia biflora 2 2 

Acacia broumiana 21 7 38 26 

Acacia cochlea ns 21 8 

Acacia crispula 2 14 23 

Acacia divergens 5 7 15 10 21 32 17 2 

Acacia extensa 2 2 8 18 

Acacia hastulata 

Acacia littorea 

Acacia luteola 5 6 

50 55 

6 

Acacia myrtifulia 33 19 9 14 50 8 13 28 1 

Acacia nervosa 15 

Acacia pentadenia 11 7 13 15 77 31 97 

Acacia pulchella 

Acacia scapeltiformis 

14 6 40 17 29 25 54 1 14 

Acacia stenoptera 2 36 54 2 

Acacia sidcata 15 

Acacia triptycha 

Acacia uligmosa 

Acacia urophylla 

27 

15 

8 9 

Acacia varia var varia ms 8 5 

Acacia mUdenowana 

Paraserian thes lophan tha 8 

2 

Myoporaceae 

My open i m opposit ifol iu m 20 

Myopontm tel randrum 10 7 

Myrtaceae 

Agonis sp (GWJ 2113) 

Agon is sp (GWJ 4768) 

2 

9 

Agon is sp (GWJ 1953) 

Agon is aff jumperina (GWJ 3628) 

3 

18 

Agon is flexuosa 22 4 70 83 9 7 25 13 15 

Agon is hypericifiilia 

Agon is juniper in a 

69 

14 

47 

10 18 

38 4 75 

1 

Agonis linear ifolia 4 64 43 38 31 6 

2 Agonis marginata 13 

Agonis parviceps 88 86 98 73 14 13 23 42 68 

As tar tea fascic 11 laris 3 14 15 10 55 50 13 31 

Baeckea aff crispiflora (GWJ 4827) 

Baeckea aff preissii (GWJ 4804) 7 

8 

Baeckea astarteoides 

Baeckea camphorosmae 2 9 

14 

23 
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Beaufortia decussata 31 21 49 9 
Beaufortia sparsa 

Calytrix acutifolia 

5 21 15 

3 

82 2 

Calytrix asperula 

Callistemon speciosus 

Calathamnus gracilis 

2 

4 18 

7 8 
Calothamnus lateralis 8 9 21 8 
Chamdaucmm sp (GWJ 3784) 

Conotha mn us neglect us 

Danvinia citriodora 

2 

13 

8 
Danoinia oederoides 3 4 23 
Darwinia vestita 

Eucalyptus angulosa 

11 4 

10 7 

31 

Eucalyptus an ceps 

Eucalyptus brevistylis 

8 

25 7 
Eucalyptus calcicola 

Eucalyptus calophylla 17 53 

7 

7 38 46 85 100 18 
Eucalyptus comuta 

Eucalyptus calophylla x ficifolia 13 8 

20 7 25 

1 

2 

Eucalyptus missilis 

Eucalyptus decipiens 2 

7 

23 
Eucalyptus diversicolor 4 13 55 3 75 
Eucalyptus doratoxylon 2 

Eucalyptus ficifolia 30 9 18 1 
Eucalyptus guilfoylei 8 13 51 11 48 
Eucalyptus jacksonii 4 4 47 
Eucalyptus rnarginata 77 79 89 18 14 13 38 46 100 1 
Eucalyptus megacarpa 

Eucalyptus occidentalis 

6 7 4 20 

7 

13 8 3 

Eucalyptus patens 

Eucalyptus rudis 

6 14 2 18 36 13 23 1 

1 
Eucalyptus staeri 

Eucalyptus Virginia ms 

Eucalyptus wandoo 

Hamalospermum firmum 

16 

2 100 

23 

6 

Hypoca lym ma an gust ifoli it m 2 8 7 13 46 9 
11ypocalynmia cordifolium 

Uypocalymnia strictum 50 21 2 9 

14 

Kunzea aff micrantha 7 8 
Kunzea ericifolia 

Kunzea recurva 17 71 4 20 17 

9 7 

Kunzea sulphurea 

Melaleuca acerosa 

19 7 6 

10 17 

18 

7 

8 

Melaleuca aff polygaloides (GWJ 269) 7 
Melaleuca baxteri 

Melaleuca cuticularis 

2 

10 43 

13 

Melaleuca densa 

Melaleuca dwsmifolia 

2 

7 

79 

13 
Melaleuca incana 7 9 

Melaleuca niicrophylla 9 13 4 
Melaleuca pauciflora 

Melaleuca polygaloides 3 

9 21 

Melaleuca preissiana 2 8 36 14 8 
Melaleuca rhaphiophylla 14 25 8 
Melaleuca scabra 8 

Melaleuca spathulata 

Melaleuca thymoides 83 8 21 18 

14 

8 2 

Melaleuca violacea 

Pericalymmp crassipes 

Pericalymma ellipticum 

Rinzia scholler folia 

Scholtzia sp tom 

Verticordia sp (GWJ 4830) 

Verticordia habrantha 

Verticordia plumosa 

Olacaceae 

Olax benthamiana 

Olax phyllanthi 

Orchidac eae 

Burnet tia/arrest ii 

Bumettia nigricans 

Caladema aphylla 

Caladema corynephora 

Calademaflava 

Caladenia huegelii 

Caladema interjacens 

Caladenia latifolia 

Caladenia longiclavata var longiclavata 

Caladema rnarginata 

Caladenia pectinata 

Caladema natia 

15 

7 

29 

23 

13 31 

2 

11 

7 

14 

60 21 

10 

7 

28 

13 

13 

13 

23 

15 

13 

1 

17 

3 

3 

2 

2 

2 

11 

2 
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A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Caladcma sericea 2 

Caladenia sp 1 

Conflicts nbditus 

2 

9 

8 5 

Corybas recurvus 14 6 7 

Ctyptostylis ovata 

Cyrtostyhs huegelri 

2 2 10 10 13 2 3 

Cyrtostylis robust a 

Diuris pana flora 20 

3 13 3 

Diuris lands 13 

Diuris Ion gif alia 

Drakaea elastica 

3 

14 

10 7 1 3 

Drakaea glyptodon 2 7 

Eh/tfmmthera brio uni is 2 4 10 14 9 7 13 38 1 

Elythranthera emarginata 7 3 3 

Eriochilus dilatatus 

EriiKitilus pukhellus 

3 11 34 

25 

6 3 1 

Eriochilus sea her 7 15 1 

Gastrodia lacista 3 10 4 

Lcporella fimbriata 

Lap toe mis ntenziesii 

Lyperanthus serratus 

Microtis alba 

5 

4 

8 5 

1 

Microtis media subsp media 2 7 

Microtis sp 

Microtis unifolia 4 10 21 25 8 

2 

2 

Monadenia bracteata * 4 13 15 

Paracaleana mgnta 

Prasophyllutn braum ii 

Prasophyllum drummondii 

3 

7 9 7 

7 5 

Prasophyllutn datum 7 

Pmsophyllum fimbria 21 4 

Praseiphyllum gibbo.sum 7 8 

Prasophyllutn hians 7 

Prasophyllutn odoratum 

Prasophyllum parvifolium 

Prasophyllutn regiu m 

21 

2 10 

7 

8 

Pterostylis aff mm 

Pterostylis barbata 2 2 13 

2 

2 

Pterostylis narta 7 25 8 11 6 1 

Pterostylis plutnosa 8 2 

Pterostylis recurva 

Pterostylis scabra 

2 

3 

13 1 9 

Pterostylis vittata var vittata 3 2 7 9 13 8 10 11 2 

Thdymitra aiitennifera 2 25 31 1 

Thelymitra benthamiana 1 2 

Thdymitra crinita 5 7 38 3 14 

Thdymitra nuda 14 6 15 4 11 

Thelym it ra pa uciflora 6 14 4 20 7 9 8 1 9 

Thdymitra sp 2 2 

Thdymitra sp 3 2 1 3 

Orobanchaceae 

Orobanche minor' 3 2 

Oxalidaceae 

Oxalis purpurea' 

Oxalis corniculata 3 13 

8 

Papilionaceae 

Aotus getiist aides 2 14 4 27 7 

Actus intermedia 

Bossiaea disticha 

27 

1 3 

Bossiaea eriocarpa 10 11 

Bossiaea linnphylla 13 4 30 38 13 11 35 

Bossiaea ornata 2 23 4 51 

Bossiaea rufa 63 14 15 3 9 8 1 9 

Bossiaea tvebbii 3 32 24 9 8 

Brachysema minor 7 2 

Brachysema sericeum 2 36 

Burtonia conferta 55 71 23 10 18 7 8 14 

Burtonia scabra 9 

Burtonia villosa 

Chorizema aciculare 

5 

8 

Chorizema aff aciculare (GWJ 2579) 2 2 3 9 

Chorizema diversifolium 2 2 10 28 6 

Chorizema ilicifolin m 

Chorizema nanum 4 

21 9 

Chorizema ret r or sum 2 58 22 61 

Chorizema rhombeum 2 8 6 5 

Daviesia aff incrassata (GWJ 4526) 2 

Daviesia cordata 23 1 12 

Daviesia decurrens 44 4 9 8 2 

Daviesia horrida 38 3 

Daviesia incrassata 2 6 6 
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Daviesia oppositifolia 

Daviesia polyphylla 
8 

2 
Daviesia preissii 8 6 15 14 
Dillwynia sp A 

E u ch i lops is linea ris 

Eutaxia densifolia 

2 

8 

38 

6 6 
Eutaxia obovata 30 7 38 3 3 
Eutaxia parvifolia 

Eutaxia virgata 

Gastrolobium bilobum 

Gastrolobium brownii 

2 

2 

14 

25 

15 4 5 
Gastrolobium forrestii 

Gompholobium aristatum 2 

2 7 3 2 

Gompholobium burton ioides 3 7 
Gompholobium capitation 34 9 2 
Gompholobium knightianum 6 4 8 12 
Gompholobium ovatum 3 17 15 1 58 
Gompholobium polymorphism 2 7 13 38 3 26 
Gompholobium preissii 2 
Gompholobium tomentosum 2 2 10 21 1 3 
Gompholobium venustum 

Hardenbergia comptoniana 6 20 24 13 

15 

1 

2 

Hovea chorizemifolia 5 28 23 7 71 
Hovea elliptica 5 15 69 69 
Hovea trisperma 

Isotropis cuneifolia 2 

11 

55 

7 8 5 

Jacksonia aff furcellata (GWJ1411) 16 2 10 48 9 
Jackson ia furcellata 11 10 

Jacksonia horrida 2 

Jacksonia spinosa 2 

Kennedia coccinea 8 19 7 14 29 
Ken tied ia microphylla 

Latrobea genistoides 14 

8 

Latrobea tenella var tenella 2 2 

Lotus suaveolens' 2 2 
Lotus uliginosus' 2 15 
Mirbelia dilatata 13 8 9 
Nemcia crcnulata 23 
Oxylobium lanceolatum 

Phyllota bar bat a 

Pultenaea aff obcordata 

6 

20 

3 

9 7 38 8 

Pultenaea barbata 

Pultenaea ericifolia 

2 

15 2 
Pultenaea reticulata 77 79 25 30 55 6 2 
Pultenaea strobilifera 2 
Sphaerolobium alatum 2 8 1 14 
Sphaerolobium grandiflorum 3 14 8 7 8 1 
Sphaerolobium macranthum 3 21 20 55 21 13 23 2 
Sphaerolobium medium 5 19 7 8 14 62 
Sphaerolobium nudiflorum 2 
Sphaerolobium racemulosum 

Sphaerolobium vimineum 

2 20 9 14 

8 

2 

Templetonia retusa 

Trifolium dubium * 2 - 

3 

8 
Viminaria juncea 2 43 13 15 

El 

Philydraceae 

Phitydrella pygmaea 

Phormiaceae 

Dianella revaluta 

Stypandra glauca 

Pittosporaceae 

Biliardiera cueruleo-punctata 

Billardiera floribunda 

Billardiera variifolia 

Sollya heterophylla 

Poaceae 

Agrostis avenacea 

Air a caryophyllea' 

Amphipogon amphipogonoides 

Amphipogon avenaceus 

Amphipogon debilis 

Amphipogon laguroides 

Amphipogon turbinatus 

Briza maxima' 

Briza minor * 

Rromus hordeaceus' 

Danthonia caespitosa 

Dichelachne crinita 

Echinopogon ovatus 

Festuca littoralis 

Grass sp 1 

21 

2 

23 

2 

2 

2 

49 

2 

4 

11 

2 

2 

4 

4 

2 

4 

10 

10 

17 

7 

14 

14 

7 

14 

25 

25 

13 

18 

10 10 

31 

13 

13 

38 

46 

15 

23 

8 

38 

46 

8 

8 

8 

15 

46 

1 

14 

87 

1 

11 

5 

26 

71 

8 28 

6 

19 

83 
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Grass sp 2 

Holcus lanatus' 2 4 9 7 

8 

1 2 

Lolium perenne' 2 2 7 

Microlaena stipoides 

Neurachne alopecuroidea 

2 17 13 

8 

6 2 1 

Pou drummondiana 31 7 1 

Poa poiformis 

Poa porphyroclados 

2 

30 28 7 

13 3 2 

Poa serpen turn 

Poa sp 10 

7 13 

Potypogon monspeliensis' 13 

Stipn cornpressa 10 13 2 

Stipa fldPescens 28 

Stipa temdfolia 

Stipa scmibarbata 

2 3 

38 2 

Stipa sp 1 13 8 

Tetrarrhena laevis 8 3 7 38 23 89 38 85 

Vulpia bromoides * 2 

Vulpia myuros' 2 

Podocarpaceae 

Podocarpus drouynianus 27 11 9 58 77 6 

Polygalaceae 

Comesperma ca lymega 36 43 6 10 7 8 9 

Comespertna confertum 33 14 38 20 31 55 43 8 35 60 8 

Comesperma flavurn 3 21 6 3 9 

Comesperma volubile 4 7 23 3 9 

Polygonaceae 

M ueh Jen beckia a dpressa 

Rumex acetosella * 

40 24 

2 

Rumex pulcher subsp pulcher' 13 

Portulacac eae 

Calandrinia brevipedata 

Calandrinia calyptrata 48 

9 

Primulaceae 

Anagallis arvensis var arvensis * 

Anagallis arvensis var caerulea' 

10 3 25 

8 

Samotus juncetts 20 10 7 

Samolus repens 10 3 

Proteaccae 

Adenanthos cuneatus 33 2 20 9 

Adenanthvs obomlus 83 57 58 40 3 73 7 5 

Banksia attenuate 36 10 

Banksia coecinea 2 

Banksia gardneri var brevidentata 2 2 2 

Banksia gardneri var gardneri 

Banksia goodii 2 

2 

Banksia grandis 19 36 31 9 7 38 68 1 

Banksia ilicifolia 

Banksia littoral is 

33 

8 40 7 18 14 3 2 

Banksia occidentals subsp occidentals 9 7 

Banksia qu&cifolia 36 9 20 45 7 

Banksia seminuda 

Banksia sphaerocarpa 

Banksia verlidllata 

2 

7 

13 

1 

2 

Cortospemtum caeruleum 27 9 12 

Conospermum capitatum 5 2 3 

Conospermum flexuosum 2 1 3 

Dnjandra armata 2 23 3 

Dryandra fomtosa 

62 

4 9 

Dn/andra nivea 8 14 

Diyandra serra 

Dn/andra sessilis 

Franklandia jucifalia 

Grevilhi acerosa 

2 

28 

8 

5 

Grevillea aff martgtesioides 

Grevillea bronwynae 

7 

2 

Grevillea brownii 2 23 6 

Grevillea cirsufolia 

Grevillea diversifolia subsp subterseri 2 21 

15 

Grevillea fuscolulea 

Grevillea occidentalis 6 

8 

3 26 

Grevillea pulchella 

8 

11 28 

Grevillea quern folia 4 

14 3 

11 

Grevillea trifid a 2 8 15 28 

Hakea a mplexica u lis 2 21 15 35 66 

Hakea ceratophylla 

Hakea corymbosa 

6 7 36 10 29 

8 

Hakea falcata 9 21 15 11 

Hakea falcata short leaved form 

15 25 

2 

Hakea florida 2 8 1 17 
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Hakea lasianthoides 

Hakea lasiantha 

Hakea linearis 

Hakea lissocarpha 

Hakea oleifolia 

Hakea prostrata 

Hakea mscifolia 

Hakea sp 1 

Hakea trifurcata 

Hakea undulata 

Hakea varia 

Isopogon attenuatus 

Isopogon axillaris 

Isopogon formosus 

Isopogon latifolius 

Isopogon sphaerocephalus 

Isopogon teretifolius 

Lambertia echinata 

Lambertia uniflora 

Persoonia aff longifolia 

Persoonia elliptica 

Persoonia longifolia 

Persoonia microcardia 

Petrophile divaricata 

Petrophile dwersifolia 

Petrophile linearis 

Petrophile longifolia 

Petrophile squamata subsp A 

Petrophile squamata subsp B 

Stirlingia tenuifolia 

Strangea stenocarpoides 

Synaphea petiolaris 

Synaphea polymorpha 

Synaphea preissii 

Synaphea reticulata 

Pteridaceae 

Pteris vittata 

Ranunculaceae 

Clematis pubesems 

Ranunculus colonorum 

Restionaceae 

Alexgeorgea ganopoda 

Anarthria gracilis 

Anarthria laevis 

Anarthria prolifera 

Anarthria scabra 

Empodisma gracillimum 

Hypolaena exsulca 

Hypolaena ramosissima 

Leptocarpus sp (GWJ 5249) 

Leptocarpus aff tephrinus (GWJ 5255) 

Leptocarpus difftisus 

Leptocarpus aristatus m 

Leptocarpus can us1 

Leptoca rp us coa n gust at us 

Lepyrodia drummondiana * 

Lepyrodia monoica 

Restio amblycoleus 

Restio confer tospi cat us 

Restio tremulus 

Restio ustulatus 

Tar axis glaucescens ms 

Rhamnaceae 

Spyridium globulosum 

Trymalium floribundum 

Trymalium vemistum 

Trymalium ledifolium var ledifolium 

2 

9 

3 

2 

3 

2 

2 

59 71 

3 

39 

2 7 

8 

97 100 

95 100 

2 

30 

2 

9 

2 

83 

79 

15 

2 

50 

30 45 

72 

10 

10 

10 

10 

40 

19 

4 

2 

26 

2 

4 

9 

55 

10 

10 

30 

10 

20 

27 

18 

36 

36 

9 

27 

18 

21 

14 

7 

21 

21 

7 

7 

7 

7 

43 

21 

7 

7 

13 

57 

14 

13 

46 

13 

38 

23 

15 

13 

10 

15 

38 

15 

15 

31 

1 

70 

49 

15 

8 

30 45 

3 

3 

13 17 

3 

22 

2 

5 

15 

3 

8 

9 

11 

35 

3 

2 

11 

82 

2 

46 

2 

2 

14 

12 

2 

5 

8 58 

66 

17 

Sporodanthus strictus 2 14 

Leptocarpus sp 1 3 7 8 

Leptocarpus sp 2 6 2 9 7 1 

Leptocarpus sp 3 2 2 21 

Leptocarpus tenax 39 29 19 55 36 2 

Leptocarpus tenellus 14 2 

Desmocladus fasciculatus 20 34 14 85 8 69 

Loxocarya flexuosa1 19 7 15 50 97 27 14 25 8 8 31 

Lyginia barbata 59 11 10 7 18 7 8 2 

Meeboldina denmarkica 2 6 7 

Pseudoloxocarya grossa ms 9 

Restio sp (GWJ 5235) 9 

Restio sp (GWJ 5239) 2 

Restio aff tremulus (GWJ 4534)' 4 9 7 

21 38 

64 

6 
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Rosaceae 

Acaena echinata var retrorsumpilosa 

Rubiaceae 

Opercularia hispidula 

Opercularia vaginata 

Ofiercularia volubilis 

Rutaceae 

Boronia crenulata var crenulata 

Boronia dcnticulata 

Boronia gracilipes 

Boronia jnncea 

Boronia megastigma 

Boronia mulloyae 

Boronia nnnatophylla 

Boronia virgata 

Boronia spathulata 

Boronia stricta 

Cho rila ena querdfd la 

Crowca angustifolia var angnstifolia 

Crozoea angnstifolia var dentata 

Phebalium anceps 

Santalaceae 

Exocarpos odoratus 

Exocarpos sparteus 

Leptameria cunninghaniii 

Leptomeria pauciflora 

Leptomeria scrobiculata 

Leptomeria squarrulosa 

Sapindaceae 

Dodonaea aptera 

Dodonaea ceratocarpa 

Saxifragaceae 

Ercmosyne pectinata 

Scrophulariaceae 

Bellardia trixago' 

Gratiola peruviana 

Parentucellia latifolia * 

Parentucellia viscnsa' 

Veronica distant 

Veronica plebeta 

Solanaceae 

Anthocercis silvicola 

Anthocercis viscosa 

Solatium nigrum' 

Stackhousiaceae 

Stackhousia huegelu 

Stackhousia monogyna 

Tripterocnccus brunonis 

Sterculiaceae 

Ijisiopetalum cordifilium 

Lasiopetalum floribundum 

Lasiopelalumfloribundum subsp nov. 

Thomasia foliosa 

Thomasia pauciflora 

Thomasia pauciflora var paniculata 

Thomasia quercifolia 

Stylidiaceac 

Ijpvenhookia dubia 

U'venhookia pusilla 

Stylidium sp (GWJ 3615) 

Stylidium adnatum 

Stylidium aff luteum (GWJ 2245) 

Stylidium aff scan dens 

Stylidium amnenum 

Stylidium assimile 

Stylidium breviscapum 

Stylidium brunonianum 

Stylidium caespitosum 

Stylidium calcaratum 

Stylidium ciliatum 

Styhdium diversifolium 

Stylidium etnargmaturn 

Stylidium fasciculatum 

Stylidium valioidesh 

Stylidium glaucum subsp angust folium 

Stylidium glaucum subsp glaucum 

Stylidium guttatum 

S tyl idii i m imbrica turn 

Stylidium inundatum 

Stylidium junceum 

Stylidium laaniatum 

A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

13 

36 25 70 52 18 7 63 23 76 75 16 

2 10 7 

10 7 13 25 46 

23 36 17 20 3 

14 

15 3 12 2 

2 17 9 7 13 80 43 44 

2 21 

9 21 2 

10 13 

2 

7 2 10 

25 55 18 21 31 1 29 

21 2 36 13 1 

8 49 

2 2 

56 22 25 

40 

21 

10 7 

14 50 11 18 14 25 8 11 26 1 

4 7 

5 2 14 1 2 

2 2 

3 13 

3 

13 23 

7 

14 13 8 

20 

15 

10 14 7 

3 

13 

1 

3 

10 

1 5 

2 28 3 

3 

5 

2 7 59 8 70 

2 

8 

14 50 3 

2 

4 52 6 31 

2 15 

2 2 3 

9 

7 31 7 11 

10 17 5 10 

7 2 

2 2 

5 6 9 8 7 45 

18 2 

31 2 

7 2 2 

7 9 14 

2 14 9 14 23 1 2 

8 8 18 7 

2 21 2 9 21 46 

7 20 28 8 

21 

2 

3 

2 9 

13 

15 

2 9 13 

8 

50 9 3 

2 9 

275 



Journal of the Royal Society of Western Australia, 79(4), December 1996 

A1 A2 A3 A4 B1 B2 Cl C2 C3 D1 D2 El 

Stylidium lepidum 2 

Stylidium luleum 3 9 9 29 8 7 15 

Stylidium pilifenim 8 14 25 9 8 3 9 

Stylidium pritzelianum 10 12 

Stylidium repens 20 43 13 20 9 8 2 

Stylidium rhynchocarpum 41 22 7 

Stylidium scandens 8 43 34 3 18 25 8 4 11 

Stylidium schoenoides 20 8 9 15 6 

Stylidium sp 1 2 

Stylidium sp 2 6 7 2 

Stylidium sp 3 3 5 

Stylidium spathulatum subsp spathulata 2 4 14 31 3 20 

Stylidium spathulatum subsp acuminata 

Stylidium violaceum 17 2 

5 

Thymelaeaceae 

Pimelea sp (GWJ 4204) 

Pimelea angustifolia 

Pimelea clavata 

4 

10 14 1 

2 

4 

Pimelea ferruginea 

Pimelea hispida 13 30 

3 

14 23 5 

Pimelea imbricata 38 31 

Pimelea longiflora 69 32 15 3 2 

Pimelea rosea 6 40 66 14 8 1 8 

Pimelea spectabilis 2 24 28 8 

Pimelea suaveolens subsp suaveolens 1 8 

Pimelea syIvestris 20 11 11 

Tremandraceae 

Platytheca galioides 3 

Tetratheca affinis 2 4 23 38 

Tetratheca fitiformis 2 27 

Tetratheca hirsuta 11 9 32 43 2 

Tet ra theca hispid is si ma 2 

Tetratheca setigera p 9 6 8 3 

Tremandra diffusa 8 38 34 1 

Tremandra slelligera 4 13 73 8 72 

Violaceae 

Uybanthus debilissimus 2 20 28 2 

Xanthorrhoeaceae 

Kanthorrhuea gracilis 3 8 14 63 

Xanthorrhoca preissii 27 57 75 30 41 27 36 25 77 8 40 

Xyridaceae 

Xyris flexifolia 18 

Xyris lanata 2 6 36 

Zamiaceae 

Macrozamia riedlei 13 25 38 8 61 42 16 

weed species; 

' some specimens subsequently confirmed as Schoenus caespititus; 

'' specimens at quadrat 1009 subsequently confirmed as Schoenus rnultigluniis; 

specimens at quadrat 423b subsequently confirmed as Schoertus trachy carpus; 

d some specimens subsequently confirmed as Gahma sp Yelverton (G J. Keighery 10820) and others as Gahnia sp aff insignis; 

¥ some specimens subsequently confirmed as Schoenus subflavus; 

1 some specimens subsequently confirmed as Schoenus subtnilTOSlachyus; 

* specimens at quadrat 1041 subsequently confirmed as Mesmclaena graciliceps; 

h members of this species group amalgamated in analysis; 

1 some specimens subsequently confirmed as Restio crascens; 

1 some amalgamation of this taxon in analysis including Desmocladus flexuosus ms, Empodisma gracillimum, Taraxis glaucescens ms; 

k some specimens subsequently confirmed as Lepyrodia extensa; 

1 some specimens subsequently confirmed as Lepyrodia muirii; 

m some specimens subsequently confirmed as Chaetanthus leptocarpoides; 

n subsequently confirmed as Stylidium spathulatum; 

p some specimens subsequently confirmed as Tetratheca hispidissima. 
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